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ABSTRACT Of TT1B DISCLOSOTB 



A tact kit end method for the detection of Antimicrobial 
drug* *t low concentrations In a sample in a teat container, 
such as milk, which includes a Bacillus ateerothermophi 1 us (bst) 
* tablat and a medium tablet with nutrients to atrene the BST 
and. optionally, a pit Indicator. The msthod comprises preheatinq 
a test sample to destroy natural Inhibitors, cooling the sanple. 
adding a BST tablet, rapidly heading to effect synchronization 
of BST gemination, adding a medium tablet, tncubetino and 
10 detecting the presence cr absence of the ant imlczebial drug. 
The test apparatus includes optionally a test apparatus for 
the controlled* •*%\xwn\*i heating and cooling of the teat sample 
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DESCRIPTION 



Microbial Inhibition T>at Kit and Method 



Reference to Prior Application* 



Thl% application is a continuation-in-part of U.S. S.N. 
07/614. 7>9. filed November 16. 1990 which is • continuation 
application of U.S. S.H. 07/190.041, fUtd Hay 4. 1988. now 
abandoned. 



Antimicrobial drugs, particularly thoae ueed in animal 
feed or to treat an la* la. have been found in Milk and food 
products, such aa for example, beta lactams like penicillin 
and/or tetracyclines. and wore recently sulfa drugs like 
sulf enamldes. such as sulf amethatlne, have been detected in 
food products. The detection of these drugs at low levels are 
m»t important, particularly sulfa droqs which ir» allergenic 
and possibly carcinogenic in nature, even at low levels. Milk 
is routinely tested for the presence of drugs, like beta lactam, 
by the usa of an inhibition disc Assay method. However, such 
assay method does not detect sulfa druga or certain other 
antimicrobial drugs at very low levels. 

One technique for detecting sulfa drugs in milk at low 
level* £• by the employment of high pressure liquid chromatography 
fH?LC> or by receptor assay test method (see U.S. Patents 
4.239.745 and 4.2J9.8S2. both issued December 16. 1980). Both 
of such teat metnoda are cumbersome and r*',ulre costly equipment 
and highly trained techniciana. 

A microbiological growth inhibition teat method to detect 
sulfonamides In milk for example has been reported and described 
in European paten' specification 79200277.6 by Deukers et al. 
published December 12. 1979. This test method has been described 
a« an improvement on the test described in British patent 
specification 1 467 439. published March 16. 1977 to tameris 
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«r al. The Bankers et at test method pieces spores of Bacll lus 
steerothermouhllus IBSTI Into e buffered agar solution, end 
the soar is solidified to tons e support medium. The BST in 
the agar solut.on is presented f row germinating hy lack of 
nutrients In the agar end/or by low temperature. The nutrients 
for the growth of the BST are prepared separately and are either 
placed in a tablet or on a disc, with the tablet or disc placed 
on the solid agar medium containing the BST before carrying 
out a test. A test sample is then added and the sensitivity 
for sulfa drugs is increased by the addition of trimethopr in 
while an Indicator Is added either to the agar solution prior 
to solidification or to the nutrients so as to provide for 
Increased sensitivity for sulfa drugs. However. sensitivity 
Is not less than about 100-500 ppb. 
15 It ** desirable to provide for a microbial Inhibition test 

kit, method and apparatus whl«-h is simple and effective to employ 
and Is sufficiently sensitive to detect verv low levels of drugs, 
particularly sulfamethazine in milk and other products. 

Sua— ar* of the Invention 
20 The present Invention relates to a test kit and method 

for the detection of drugs, and more particularly to a test 
kit. Including a controlled heating and cooling apparatus, and 
method which is sensitive to sulfa and other drugs particularly 
at a level of less than about SO ppb. 
2S The present Invention concerns a microbial inhibition test 

kit suitable for the screening of drugs at low concentration 
levels, particularly sulfa drugs, like sulfonamides and more 
particularly, sulfamethazine, for example, in various products, 
such as food products, and particularly milk and dairy products. 
30 The test kit comprises a first BST tablet containing a mixture 
which includes a thermophilic, spore- forming bacteria sensitive 
to the drugs to be tested, and more particularly Bacillus 
stearothermophilus CBST). the BST In a low, but effective amount 
and which BST Is Inhibited in growth by the presence of a drug 
35 In the sample. Typically. the first tablet Is a low 
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.■o.ature-containlng. co-pressed. BST-co»talnlng tablet -Mch 
also rontaln. a »UblU»f 'or the BST spore. l« sn Inert filler- 
type M |«U1. The tablet contain, a low .ol.tur. Iml, for 
esampL. le*. than 2 percent, and more particularly, than 
5 I percent moisture sod 1* compressed under such condition, to 
mm to reduce any damage to the BST spore. "Uh generally 
compression being accomplished *ith a pressure for e.ample of 
5 to 10 newtoni. for esample. J to « newtons. The BST tablet 
generally contain. . .t.btU.er for the BST .por... .«ch a. 
10 for e.e-ple * carbohydrate, such as Ucto.e. or an amino %cld 
source, such a. peptone, or -ore particularly • combination 
thereof. The BST tablet usually contain, a pondered. In-rt. 
water Insoluble filler material to provide bulk for compres.ion. 
Such • -sterial -ay vary widely, but .sually comprl.es lor e«.-pl* 
15 a cellulose-type materiel .uch a. on ethyl or propylcel lulo.e 
or micro crystalline cellulose or celluloid powder. Co-pre..ion 
of the BST tanlet should • • pl.ce under such time, temperature, 
pressure and friction conditio, so as to prevent any substantial 
destruction of the BST spore. In the tablet. the flr.t BST 
20 tablet may also contain other Ingredients. Including a small 
amount of agar or other medium. 

The test kit also Includes J medium tablet -hlch contain, 
nutrients for the BST spore. In the flr.t BST t.olet. the amount, 
type and concentration of nutrient, present in the medium tablet 
25 are present sufficient to permit the detectable growth of the 
BST spore., hut sufficiently low *o provide low resistivity 
to the drug to be tested, so as to stress the BST during the 
te.t procedure and to provide for the detection of an 
antimicrobial drug, particularly such as - sulfanomlde. to a 
10 detection concentration of less than about 50 ppb and as Inw 
as 0.5 to :0 ppb. The medium tablet containing the nutrients 
may comprise for .sample a portion of a nutrient broth at • 
level of for example 0.4 grams per liter or less, and more 
particularly carbohydrates as nutrient, at a total amount of 
35 about 1.0 grams per liter or less. Suitable carbohydrates would 
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in***. \*t+ . bit- not lt-*lt»d to qi'icnae f r»:ctoae: iurrn*«; 

end ♦ Cenerally. unino acid* m«y ln*.lu»'». hot not be 

llei-.»r' • tryptone. peptone and beef i« tract and il»tUr 

f-r*s<-»--« *or eiai-ple at a Uv«l of »->out 0.15 grama per liter 
or *mre par * i rul*r ly . O.^A to 0..1? qramv per liter. 

Ctn»r«lly, the taMets Include ■* buffer agent , such as 
alanine, and for example a potasalum or ecdlum phosphate buffer 
««y he added to provide a pH of about ?.S. The tablets may 
Include for example a salt, such as sodium chloride, as veil 

10 ss a non- tonic-type detergent, to enhance, the sensitivity of 
the test. Further additives may Include for example an 
antibiotic-free, non-fat dry mil* where a teat ar.mple Is derived 
from mils or a dairy product to reduce the variation In the 
test between test samples. The tablets also may include a 

15 thlctenlng agent . such as a colloidal si Hear a lur.r leant, such 
as a olycol, line polyethylene Glycol: vitamin and phosphate 
sources. Other additives nay Include for example a 
calcium*chel at in? agent preeen* in an amount to complex or chelate 
ca'.clum In the test sample, such as ethylenediamlnetetraacet ic 

20 acid ffDTA* or ethylene glycol tetraacetlc acid fEGTAI which 
additives are particularly effective In presiding a »ensl tive 
test to tetracycline and tetracycli ne- type antibiotics, providing 
a sensitivity for example of 25 to 50 ppb or less. Other 
adrfltlvee include antlfoliece agent*, such aa trimetboprin fTHPl 

25 or methotrexate f MTX) or prlmethamlne IPMAI to .enhance the 
sensitivity of the test. The test results may be Interpret** 
hy tSe employment of s pM color indicator which can be based 
on an actd-hase or redox or glucose monitoring and particularly 
where a pil color Indicator is used, may comprise broMocresol 

10 purole or phenol red or a redox color Indicator. Usually, the 
pH color indicator is added to the medium tablet while the calcium 
chelating or antlfoliate agents and buffers are usually added 
to the medium tablet. 

The test xlt also includes • test container, such as for 

35 example a multivetl plate, a test tube In which the BST tablet. 
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the medium tJhl#t and test sample may be introduced, heated, 
cooled end inrubated *o as to permit the rapid and efficient 
assay screening of drugs by the absence of change or change 
In color of the indicator Included or by Monitoring the 

5 glucose. 

The test »ethod Is directed to a test for the determined Ion 
of drugs, iuch as sulfa drugs and other antimicrobial drugs. 
In • teat sample at a defined. low concentration level, 
particularly at concentration levels where eul f emetha line and 

10 sulfa drugs are below about 50 pph . The teat Method comprise* 
placing a defined amount of a test sample into a test container 
and heating »h» sample to a temperature aufflct>ntly hle*i * 
destr t the natural inMbltors In the sample, anj tint ;»>• 
enhancing th* further sensitivity of the test, such a% Jot 

15 "simple, heading a ' test sample '-rived fro* raw or pasteurized 
milk to a temperature of shout 100'C for about one to rive 
minutes. The test method Includes cooling the heated sample 
to a defined lower temperature, for example, to a temperature 
of less than about BS'C and more particularly, about 80*C to 

20 BST. The test method then Includes adding the BST-containlng 
tablet to the cooled test sample, the tablet comptistng a low 
moisture-containing, compressed tablet of the BST spores, a 
stablliter and an inert bulking and filler material. Thereafter, 
the test container with the BST spores and the aample are rapidly 

?S . h«*ated to a defined temp«rature to heat shock the BST sporea 
so as to affect generally synchronous germination of the BST 
spores. Generally, the rapid heating of the BST spores In the 
test simple is done to a temperature of about 100*C or more 
for roout 0.1 to 2 minutes. Antlfollate agents such as TMP 

\ry tend t> be destroyed on he* ting: therefore. TMP Is typically 
added to both the BST tablet and the medium tablets to Insure 
th* ; .*sence of TMP in the test to enhance sensitivity 
particularly for sulfa drugs. 

The test method includes adding a medium tablet containing 

)5 the nutrients to the heat -shocked BST spores and test sample 
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to the container. A »*<1i <*» tiMtt comprising nutrient* m»rely 
sufficient for the growth of the AST iporei. hut auf f Icter.'.ly 
low to provide for lov resistivity to the drug to he testtd 
nn that the test 1ft particularly sensitive. The test container 
S containing the test **mpl«. BST and medium with the nutrients 
are then Incubated, for esample, at an Incubation temper »tur* 
of 6S*C*I*C and incubat.on tine for about 2 hours 4S minutes 
tn ] hours IS minute*. The test method Includes terminating 
the Inrubetlon at the defined end of the Incubation period. 

10 elthei by removing the test sample fro* the incubator or by 
rapidly increasing the incubating temperature to over about 
*5*C fe.- a time period to terminate further growth of the BST. 
Thereafter* the presence or absence of tn* drug In the sample 
within .i defined concentration level is detected, particularly 

IS simply ty observing the absence or change of colu: of the pH 
color indicator lnc)»»ded or by glucose monitoring or a radon 
indicator. A sulfa dru?. particularly a sulf anethaxtne, present 
In an as* tint of less than 20 ppb win test positive. The 
sensitivity say he as low to sulfa drugs like sulfamethazine. 

20 as low as 10 ppb or lower, thereby providing tor an extremely 
sensitive test kit anJ net hod for hitherto available to possible. 

The test kit and method permits the sensitive determination 
of an» imicroMal drugs in a wide variety of Materials, 
particularly in food products and body fluids, for example. 

>S but nor. United to: raw and pasteurised milk; urine: and other 
body fluids: and near. Generally, test samples taken from the 
material to be tested ar* placed tn liquid form and a defined 
volume of liquid may be optionally added to the tsst container, 
while the tested material placed In liquid form and liquid 

10 ellquots taken. The tsst kit and method are sensitive for example 
to O.S to 20 ppb levels of sulfonamides depending on the 
Individual sulfa drug^ tested. The test kit and method also 
have excellent sensitivity to aminogl ycocldes, especially to 
genramtrin *o a level of about 10 to wn ppb and neomycin *■<> 

l r » a level of about 100 ppb or less. The assay may be performed 
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I- any ,.,t container. , ueh „ t .„ tub . or m put# 4n<f |(teu|iB|M 
in « h»«t block or v«t»r th*ter bath. 

Th. «..t ~thod „y b. c . rrled out ,„ , tttoMtlc tymtam 

h "- ,n ■>'•"••*»««. coo.,,,. „..t . eUv . tloB .„., 
inc 0 r..t,„. .,. con t roll od ,„ . .,„„.. tvtomattd , Y „ 9m ^ 
apparatus Th. t..t kit .ay delude a control „ Mch 

C "" r,M ' * -«•' b '"""» •«» .. ,or ....pi.. Md . of 

albino,.. „.,,,„, at ,.„t „„. .„„ ryplc . Uy . pIur . lUr of 
oponln,, th.r.in te trrm , M -rf(Mf- for |BMrttoB of ^ 

t«.t contain.,, -or. o.n.r.lly . tuhw> to h . hMteJ 

•l.ctrtc.l ... „„, tn th . (- ^ ^ ^ f<| 

bioC .O th.t ,h. t..t tub. ,„ d t h. t „, ^ f ^ M|y 

h..,.d t, define t«,*r.t..r., a, r.,„lr.d In t h. telt 
Th. ,., t . PP .r.to. ,„ c lud., . W|| coollB9 Moek 

tWlflly of .,„-, „ ,. B#r . l|v of Mln9)i 9wfer 

**" th " 1 t,B " h, ~* «• P'""* for th, r.pid conUn, 
of th. h..tln. Mock „h.n p,. r .„ ,„ cont . et tn . r . wUn to ,„„ 
d.f,n.d cool.d t.«p. r ., or . „ ,.«,olr.d ,„ the (Mt 
C.n.r.ll y . th. h.atln, and coolln. bloo. ... pUe „, ln . 
apart h..Un, p., 1(1M „„„ tne „.„,„, of the M-pU cont . |n „, 
TO r.<p,ir.d and .re pl .c.d In .„ ad,.c.„t. contacting h..t 

..ch.n,. cooitno p„,,tlon vh.n coo.lno of t p l. cont.ln.r. 

ar. r.^ir.d. Th)! h „ Un , an „ cooU „, ^ ^ ^ ^ 

oo.ltlon. by tUrln, th, control . pp . r . tu . lo provld . >l|J-M# 
" nV '"" nt ° f lh * n,nc *'- ™. Incb.tlon I. don. ,„ th. tilt.d 
po-.tlon to .nhanc. th. o, y .,n tr.n.f.r r.t.. Th. t..t .pp.r.tu. 

,nClUd •• Circuitry .«d contro, p.^r.^in, 

baaod In th. t.,t wth od to provid. for ,h. ..<, u .„tl M tl-.d 
h.ntin, of th. h..tln u hlnck .„d to .l,n., th. tU,. p. :lo d for 
th. .„v«.„t „, th. , 1Mt ln, and cooUn, bloc., b.t-.n h.atin, 
and cooUr., po.ltlon. and to provid. .i,«al *..„.. u , Bt , 
or .adibl. f , r t . rmln , Mon ot th . v<ir|ou> m ^ 

•r.d th. t.r»ln.tlon of th. incb.tion and termination of th. 
t..t ..,„.„„. w hllB th , rontro , fn 
» t.,t -.thod. th. ™ tt8l . pp . r .t U9 m . y b „ „. fu|ly t-pIoye(I 
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wh^rt rapid haatlng and cooling of teat eimplea at defined ta«t 
tlMi are of Importance. 

The test kit and method have significant advantages over 
prior art inhibition, disc-type tests In that tha teat kit and 
•ethod do not reg/tlre tha employment of agar or an agar -type 
•upport. Th* »j*e of a i operate BST tablet and a medlu» tablet 
provides for a long shelf life, typically of at least a year, 
and where storage say ba accomplished at ambient temperatures, 
such aa 60*r to *0*r. In contreat. tha prior art teat method 
raqutrea a •olid agar medium -UN the BJT which haa a limited 
shelf life of not more than about three to six months and which 
medium must he atored at tafr aerated temperatures of 40T. 
The teat ait and method «r» ols'» m^ra sensitive than the prior 
art test. The test kit and method «!o not require the employment 
of a paper disc or the reading of the test sample by visual 
examination of a son* of Inhibition around the periphery of 
the disc. Therefore, the test kit and method represent .« 
atqnlf leant advance. both In simplicity. convenience. shelf 
life and sensitivity in the determination of antimicrobial drugs. 

Tha teat kit and method have been deacrlbed as employing 
separata BST and medium tablets; however* It la recogntted that 
a single tablet may be prepared and used rather than separate 
tablets provided that the single tablet or composition preparation 
prevents the growth of the BST in the tablet In the presence 
of the nutrients* such as for exa«ole by segregating, coating 
or otherwise treating the bst spores or the nutrients to prevent 
Interaction and provide fo* long shelf life. 

The test kit, including the control apparatus, and method 
provide a simple, antimicrobial drug screening test. The test 
Is sensitive to beta lactams, tetracycline, sulfa drugs, amino 
glycorldes and macro! ides concentration levels aa follows, .ith 
the following concentration range in ppb per minimum positive 
color : 
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Penicillin 
Sutr*-eth*iln* IV 10 

Sulf .dl-etho.lne "*10 
Gintnlcln . ">-" rt 

O.ytetrecycllne H0-IO0 q. c 

Tylofin «°-*' ) > £ 

The «..t kU and -thod ar. a qu.llt.t.v. t..t kit and -ethod 
Intended for d.t.r-lnln, -ntl.lcrobi.l dru,.. partlcul.rly for 
raw .nd p..teurl,.d -Ilk t.atln,. The t.bl.t. In th. t«.t kit 
-.> .till h.v. a .half lit. «t roo. te-p.r.t«r. .t 20'C to 2i'Z 
for op to one y.ar. Th. te.t kit .nd -thod d.v.lop In 
.ppro.i-at.ly 1 hour, .nd 5» -loot... Th. t..t kl- -ay also 
cont.ln for e.a.pl. -Icroblal t.bl.t. in • »»■'•' P«« 
•...pi. of JO. ».diu- ubIMi l» bll.t.r pack, for ...-pi. of 
10. n.e.tlv. control t.bl.t. In bll.t.r p.ek. of J. • plp*t. 
w.».r. pip., tip. .nd t..t tub... Th. i-.lp-nt -ployed Includ. 
.« .otitic te.t block to c.rry out th. t..t ..qu.nce. t..t 
tub- c.p. -h.th »re r.u..hl.. . 0.? ml plpet .«d . -.rker p.n. 

Th. i«,r.d».n^. .nd additive. .. d..crlbed for u.. In th. 
BST .nd -.diu. t.ble*. ~y v.ry d..lr.d .«d -ay b. ad Ju.t.d 
in or*-' l« provide for p.rttcul.rly .enrlt.-v. d.t.ctlpn of 
„.r»lcul.r -.ruo.. Typlc.lly. th. »ST .por.. .hould not bo u..d 
In ..c..». but .ufficl.nt to pen.lt orowth and to provide for 
detection of th. .ntl.lcroblel dru,. .nd ,.n.r.lly .r. e.ployed 
for ...-pi. in th. a-ount of 10* to 10 T .pot.. p«r t.bl.t. 

Th. te.t kit. -ethod .nd apparato. of th. Invention -111 
b. de.rrlb.d for th. purpo... of lllu.tr.tion only in conn.ctlon 
-* r ,.l„ preferred. UlMtrafd ..bodl-.nt. .• however. It 
i. reccqni.ed that v.rlou. ch.nq... nodlf Ic.tlon.. addlt:on. 
and l-prove-ent, -.y be n.de to th. te.t kit. method .nd apf-ara^ 
by tho». per.on. billed In th. .rt without departing fro- -he 
.plrlt «nd .cope of the In-.ntlon. 

Drlef Dcac t totlon o f th. Drawing. 
Mq. I l» a per.peetlve lltu.rratlv. view fro- above of 
. te.t apparato. for carryin, out th. t..f -.thod of the Invention 
.hovlnq the teat apperatu. In a heetlnq po.ltlon. 
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rig. 2 is a perspective. Illustrative view from .hove of 
the test sppar.tu. of Mo. t showing the te.t apparetu. in . 
tilted position for cooling and incubation. 

rig. 3 i. an Ulceration of the front control panel of 
the test apparatus of fig. 1 

Mg. 4 in an Illustrative, partially sectional aid* plan 
view of the apparatus of rig. 1 

rig. $ la an illuetrat ive. partially section*! side plan 

view of the teat apparatus of fig. 2. 

'I*. * 1. an illustrated electrical circuitry and programming 
diagram of the teat apparatus. 

rig. 7 Is an Illustrated electrical circuitry diagram of 
the electrical pow* r supply used In rig. 6. 

«9- 8 1. a graphical Illustration of a test method employing 
the test apparatus showing the temperature In degree. Centigrade 
'Temperature Deg O ver.u. the time In minute. (Time Hln.l of 
a teat .ample. 

rig. 9 is an enlarged graphical Illustration of a portion 
of the test method shown in rig. 9. 

Description of the ^bodleents 

Compressed, low moisture BST and medium t.blet. were prepared 
with the f moving exposition: 



Ingredients 



Medium 
Tablet 



1. Nlcrocr-.ctalWne cellulose 22 6 mo * 

< tablet bulking agent and binder) " 9 

2. Sodium chloride Usotonlc sgent) |.« mg l 6 mQ 

4. •Powdered milk - skimmed, dried. 953.0 ug 953 0 uo 

intlbiotic-free general supplement * 
and nutrient ) 



a) 
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5. Tryptone (aaino acid supplement I 100.0 U9 100.0 ug 

Alamlne (amino acid supplement tOO.O ug 100.0 ug 
end buffer* 

?. Potassium phosphate (buffering 76.0 ug 7ft. o ug 
5 agent and phosphate source) 

B. bl Peptone fjmlr.o acid source) 12.6 09 12.S ug 

9. arcmocresol purple (pH Indicator) 15.0 15.0 ug 

10. Colloidal silica (stabiliser and 9.1 ug G.l ug 
thickener 1 

10 II. Reef •■tract (vitamin source) 0.74 ug 0.7« ug 

12. a, Trlmethoprin (optional folic 29.2 ug 29.2 ug 
acid analoq-sensitl xer) 

I). Non-Ionic surfactant (to Increase 0.1S uq 0.15 ug 
penetration of BST spores I 

15 1«. BGTA-chelatlng agent Tveen-«0 142.7 ug 142.7 ua 

15. C, BST spores 2.90 uo -0- 

I*. Glucose 500 ua 500 uq 

The above BST «nd medium *ebl*»ta use*: in a test tube as 
the test container with a 1 lq>, - sample, such as milk, provide 
20 enhanced antimicrobial drug sensitivity in the described test 
method, ae followst 



b> tn the abo«*e esemple. the amin > a. source is split betw««n 
the tablets; hoover. 51 to 20% of less of the amino acid 
source may be placed In the eST tablet ar.d the test in the 
medium tablet. The total amino acid source Is ft wed to 
stress the BST to Increase sensitivity. 

cl The BST spores way vary in concentration, but never esceed 
lOVml. 

d) To increase sensitivity for sulfa druqe. The above tablets 
have a long shelf 1 1 f m- and need not be refrigerated. bu» 
stored at room temperature. 20*C to ?5*C, for up to one 
year. 



Of** 1 * 



MINIMAL DETECTION LEVELS 



Antibiotic 



BETA -LACTAMS 



5 Cephalexin 
Oxacillin 
Hetacillin 
Penicillin 
(various) 

10 Cephapirin 
Cloxacillin 
Ceftlofur 
Anpicillin 
Cefaloniua 

I* Cefadroxil 
Anoxicill in 



Prior 
Art 



50 

8 
2 

8 
20 
SO 

4 



Invention 



50 
8 

10 
3 

10 
30 
40 
4 
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Antibiotic I 


Prior 
Art 


1 

'invention 




SULFOKAMIDES | 








Sulfamethoxazole 1 




1 5 


5 


Sill f dQUinOKA 1 1 n* 1 




1 8 




Sulraaathizol* I 


100 
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The test kit snri method provides for nutrients and bacteria 
or 8ST .pore. stabUited in dry. compr....d tablet, ta.par.t.ly 
oc tooetherl which are introduced into , u.,uid sample. The 
'est method in the liquid ph.,. does not require any aq.r or 
diffusion barrier, thus better contact of inhibitors and BST 
spore, or bacteria is achieved. The test method may „,. teat 
tube, and multi-ell pl.t.. .„d b. incub.t.d In the standard 
for. h..t block/w.t.r bath or employin, the control test 
apparatus. The composition of the tabl.t. and t..t method. 
e. 9 . he.tln, times, may vary to provide for .elect sensitivity 
to articular .ntl.lercbi.l dru,.. .uch a. the variation in 
BST .por. conc.ntr.tion. A. illu.tret.d. . pH color ch.nq. 
indicator usually .how. th. t..t r..ult» with . y.n„w color 
Indicatln, a n.qative te.t..nd a blue color indicating a positive 
test ,ulf. dru, present .t . concentration level of or.at.r 

than 10 ppb. 

The microbial inhibition te.t method may be c.rri.d out 
without th. „„ of th. control speci.l he.tln, lncub.tor-coolin, 
ft .pparatu.. The f.t «.thod provide, . ,in,l. .cr.enln, 
te.t b...d on color ch.nqe with the te.t results for all members 
of .. .nti-icrobl.l dru, f.mily. ,or es.mp,.. ,„ tne d „ crlDed 
tabl.t.. the concentration ran,. ( ppb ) for a minimum positive 
•blue, color would b. t penicillin. 2.4-3.6, sulf.meth.rlne. 
15-10: .ulf.dl.ethoslne. 8-10, oentamlcln. 30-80, .„ d 
tetracycline. 30-80. 

The test kit may comprise a plurality of separate BST 
and medium tabl.t. ,ener.lly In . bll . ter , on , ^ ^ 

or mor. n.,.tlv. control t.blets and require, distilled water. 
Th. equipment required include, a f|„d plpet , „.,. 0J 8nd 
deposable pip, t tip,, test tube, or -ultiwell plates, dropper 
or drop dl 9 p.„„ r . 66V shaker water bath with test tube rack 
and hot pl.t. to boil w.t.r to timer. Th.n th, t..t kit includes 
the control .pparatu,, the water bath. t.,t tube rack and hot 
plate are not required. 
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For example, for testing a large number of samples, the 
teat is conducted as follows: 

1. Label test tubes 113 x 100 w») and place in 
rack. 

2. add 0.6 ml distilled wa*er into each test tube. 

3. Add 0.2 ml of milk sample into test tube and 
mix well. Use new tip for each sample. 

4. Heat test tubes in boiling water for 6 minutes. 
Remove test tubes to table top to cool. 

5. Add one microbial tablet to each test tube by 
pushing the tablet through the blister into the 
teat tube with the blunt end <*f. a pencil. 

6. Place test tube back in boiling water for 2 
minutes. Remove immediately after 2 minutes. 

7. Let cool to the touch (tap water may be used 
to hasten cooling) and add one medium tablet to 
each test tube. 

8. Cap test tubes with the plastic caps and place 
in 66*C t 1 # C shaker water bath. S*t nhaker at 
100 rpm. 

9. Start timer for incubation tine specified on 
each kit, e.g. 3 hours. 

10. When time is up. remove test tubes from incubator 

11. Observe color change. Blue Indicates positive; 
yellow-green is negative. 

Color can be stabilixed for up to 24 hours by placing 
test tubes in boiling water for 2 minutes. 

The time- tempers ture profiles will be the same or similar 
to those graphical profiles of a test shown in Pigs. 8 and 9 
of the drawings. 

The test method may be carried out particularly for a 
continually and large number of test samples employing a control 
test apparatus as illustrated particularly in Pigs. 1-5 of the 
drawings. The test apparatus is a combined automatic hunting 
incubator and cooler with circuitry and programming to provide 



205S531 

-17- 

for the signal and timed sequence of the teat step* for ease 
of use of the teat user. The apparatus 10 comprise* a control 
housing 12 Including a power supply <see rig. 7) and electrical 
circuitry (see Pig. 6) with a raised handle 14 and a control 
5 panel 16 on the top surface and a short support leg 24 on one 
side of the housing 12. the handle 14 permitting the user to 
tilt the apparatus 10 to a tilt position, for example, about 
75* from horizontal and to rest the housing on support leg 24 
in the tilt position. The apparatus Includes a solid, slidable 

10 aluminum cooling block 18 with a plurality of uniformly disposed 
holes 26 passing therethrough for the Insertion of test tubes 
36 containing the test samples to be incubated. The apparatus 
10 Includes a solid dimension heating block 20 secured to the 
one side of the apparatus 10 and heat Insulated therefrom by 

15 a layer of rubber-foam insulating material 22. The heating 
block 20 also has a plurality of uniformly distributed holes 
26 therein aligned with holes 28 of the cooling block 18 to 
receive and retain the bottom portion of the test tubes 36. 
The cooling block 18 is designed of sufficient mass to provide 

20 for the desired rapid cooling of the heating block 20 and retained 
teat tubes 36, while the heating block 20 haa electrical heating 
coils (see Pig. 6) to provide for the heating-Incubation of 
the test tubas 36 with the test samples. The test tubes 36 
are Illustrated in dotted lines in Fig. 1 and 2 and shown with 

25 scaled caps in Pig. 1 and 4. The heating block 20 includes 
legs 30 to support the one side of the block 20. The cooling 
block 18 includes a central, fixed length rod 32 secured to 
the eooPig block 18 and extending through a hole (not shown) 
in heat i slock 20 and designed to support the cooling block 

30 18 in a iced apart, non-cooling position above the heating 
block 20 when apparatus 10 Is in a generally horizontal position 
(see Pigs. 1 and 4), the bottom portion of the rod 32 resting 
on the table support-like legs 30. when the apparatus 10 is 
placed in a cooling position, the apparatus 10 is tilted to 

35 reat on support 24 (aee Pig. 2 and 4) through the use of handle 
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14. so that the tilt permits the lower surface of the cooling 
block 18 now unsupported by rod 32 to slide into direct heat 
exchange contact with the top surface of heating block 20 I the 
heating or Incubating then finished) and to permit rapid cooing 
of the block 20 and the retained test tubes 36 with the liquid 
samples 38. The tilt position is also de.lgned to expose the 
maximum top surface of the liquid test sample 36 in the tilt 
position to expose the maximum surface of the test sample 38 
to the air <see rig. 4). The test apparatus optionally may 
include an Eppendorf fixed plpet 40 secured by chain or cable 
52 to * screw on the ■ rising Isee Fig. It not shown in Figs. 
2-4). The control apparatus provides for automatic, pnset, 
preheating, cooling, incubation and fixation of test results 
(tilt position). 

The control panel 16 of apparatus 10 Is shown more 
particularly in fig. 3 and includes a start button S to start 
the automatic test cycles when the teat tube 36 with sample 
38 is inserted in holes 26 and 28. The panel includes aligned 
signal lights 44 with printed lnsrructions opposite each light, 
the lights operating to signal action in the test method by 
the user. The panel 16 includes comparative negative and positive 
color Indicators 46 so the test resilts can be compared with 
standard indicator colors. The test program can be reset by 
pressing buttons I and S together. Bu-.ton X controls the start 
of the selected incubation period. Ths panel Includes program 
button P With a digital LEO readout 48. The user sets the proper 
program ftime of incubation, etc.) by pushing button P to display 
a number according to the number on the microbial tablet, for 
example, numbers 1 to 9, with the tablet varied in concentration 
and ingredients for the detection of particular antimicrobial 
drugs to a selected sensitivity, and the program selected designed 
for particular matrices, such as milk, serum, urine, meat and 
eggs. For example, the number 5 as illustrated in display 48 
is for fixed incubation time of 2:55 minutes with lower program 
numbers of lesser incubation time and higher program numbers 
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of greater Incubation time for a variation of 125-30 minutes 
in incubation time permitted to the user by the program P button. 

Pig. 6 shows the program circuitry of the teat apparatus 
10, while Fig. 7 shows the power supply circuitry. 

The test method tor the test apparatus in the determination 
of 10 ppb or less of sulfa drugs in milk samples is as follows: 

1. Press 8 and X buttons together to reset system. 
Set proper program number on apparatus 10 by button 
P on panel 16 according to microbial tablet label, 
e.g. 5 as illustrated, incubation time 2:55 minutes. 

2. Label test tube 36 (13 x 100 mm) to identify 
test samples using marker pen. 

3. Draw 0.6 ml supplied distilled water and dispense 
into test tube. 

4. Nix milk test sample vigorously to resuspend 
fat. Add 0.2 ml milk to each tube, using pipet 
40 and a new plpet tip for each sample. 

FIRST TINB OS BIS r Run a negative control along with 
samples until familiar with colors. Add negative 
control tablet to 0.6 ml supplied distilled water, 
using plpet and a new pipet tip, add 0.2 ml additional 
supplied water. 

5. Place test tube 36 in holes 26 and 28 of blocks 
lw and 20 and prese S button to start selected 
program. 

b. when first green light turns on (approx. 6 min., 
30 sec. preheat period), tilt apparatus 10 to rest 
on support 24 and to place block IS and 20 In contact 
(se* Plga. 2 and 4) to cool test tube. When second 
gt«en light turns on (approx. 1 min., 30 sec), 
tilt block upright and immediately add one microbial 
tablet to each test tube by pushing through blister 
pack into test tube with the blunt end of a pen 
or pencil. Press x button. 

7. When third green light turns on (approx. I min, 
45 s*c), tilt block down. 

8. ./hen fourth green light turns on (approx. 6 
min. I. tilt block upright and immediately add one 
medium t*blet to each test tube by pushing through 
wllacer pack into teat tube. Shake test tube from 
aide to side to disperse tablet (5 sec). Cap test 
tut>e and immediately tilt block down. 
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9. When red light turns on (aj,prox. 2 hrs.. 55 
mln. Incubation time), teat Is complete. <Caution: 
hunting block »nd test tube nay be hot.) 

10. Observe color of sample in fluorescent light 
or day light and compare to color references to 
determine positive or negative. 

The temperature C versus time In minutes graphical profile 
of the test sample above is Illustrated In Fig. 8 (with the 
additional step of heating the tett sample after Incubation 
and observation of the test rssults to preserve the assay results 
heat to 90'C for 2 minutes). rig. 9 shows the enlarged 
temperature C* versus time in minutes graphical profile of a 
representative test with the tire In minutes at each point shown 
on the graph. This graphical profile Is an enlarged portion 
of the first part of rig. 8 shown In dotted lines In rig. 7 
for a specific sulfa drug test. 

The Invention provides a unique sensitive test method 
for the detection of low concentrations of antimicrobial drugs 
and other antimicrobial compounds, either manually or by use 
of the control apparatus Illustrated, which test method, test 
compositions and test kit and control apparatus have many 
advantages over the present prior art test methods and kits. 
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CUUKS 



What Is claimed is; 

Claim 1. * sensitive antimicrobial teat method to teat 
sample for an antimicrobial drug* *hich method comprises* 

a) placing a define*! amount of a liquid sample to 
be teat*'! Into a teat container and are heating the 
sampl* to a temperature sufficient to destroy natural 
inhibitors in the sample; 

b) cooling the sample to a defined lower temperature; 
c> adding a BST tablet to the cooled liquid aartple, 
the tablet comprising a compressed FST tablet 
containing an effective amount of Daclllus 
stearothermophllus (BST) spores which are inhibited 
in growth by the presence of the antimicrobial drug, 
a BST spore stabiliser and inert filler material r 

d) rapidly heating the BST spores and the sample 
In the container to a defined temperature to heat 
shock the BST spores so as to offect general 
synchronisation of germination of the BST spores: 
e> adding a medium tablet to the heat-shocked BST 
spores and liquid sample, the medium tablet comprising 
amino acid and carbohydrate nutrients for the BST 
In a concentration sufficient to permit the growth 
cf the BST spores , but sufficiently low to provide 
a low resistivity to the antimicrobial drugs to be 
tested: 

f) Incubating the sample, BST spores and the medium 
in the test container in a tilted position at an 
incubation temperature for a defined incubation time 
period; 

g) terminating incubation at end of the a defined 
incubation time; and 

h) detactlng the presence or absence of the 
antimicrobial in the sample at the defined low 
concentration. 
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CUU 2. The nethod of claim t wherein the teat sample 
2 comprises a milk product. 

Claim 3. The method of claim 1 wherein the defined low 
2 concentration level for sulfamethazine as an antimicrobial drug 
ts less than about 50 ppb. 

Claim 4. The method of claim 1 which includes adding a 
2 defined amount of distilled water to the sample placed in the 
test container. 

Claim 5. The method of claim t which Includes preheating 
2 the sample to a temperature of about 100 *C for about 2 to 5 
minutes to destroy natural Inhibitors. 

Claim 6. The method of claim 1 which includes cooling 
2 the -ample to a temperature of about 8S*C or less. 

Claim 7. The method of claim 1 wherein the BST or medium 
2 tablet, or both, contain lactose and peptone as stabilizers 
and a cellulnslc material as a filler material. 

Claim 8. The method of claim 1 which Includes rapidly 
2 heating the BST spores and sample to a temperature of about 
100*C for about 0.1 to 2 minutes. 

Claim 9. The method of claim 1 wherein the medium or BST 
2 tablet, or both, include a non-ionic surfactant. 

Claim 10. The method of claim 1 wherein the medium tablet 
2 includes not more than about 0.$ mg of glucose as a carbohydrate 
and not more than about 0.11 mg of tryptan/peptone as an amino 
4 acid source. 

Clal* 11. The method of claim 1 wherein the medium or BST 
2 tablet, or both. Include salt. 

Claim 12. The method jf claim I wherein the medium or BST 
2 tablet, or both, include a pH indicator which by change of color 
permits the detecting of the antimicrobial drug. 

Claim 13. The method of claim 1 which Includes incubatiri 
2 the sample BST and medium at a temperature ot about 65* tC for 
about 2 hours IS minutes to 4 hours. 

Claim 14. Tho method of claim I which includes detecting 
2 the presence or absence of the antimicrobial by observation 
of a change in color in a pH indicator in one or both tablets. 
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Claim 15. The method claim of claim 1 which includes 
terminating the Incubation of the ample by removing the sample 
and container from the incubator. 

Claim 16. The method of claim 1 which include* terminating 
the Incubation of the sample by rapidly increasing the incubating 
temperature to over about 75*C to 90'C for a time period or 
5 minutes or more to terminate further growth of the BST. 

Claim 17. The method of claim 1 wherein the BST and medium 
tablets are low moisture, compressed tablets, each comprising 
microcrystalllne dried cellulose, powdered milk, glucose, 
polyethylene glycol, tryptone, alanine, a phosphate, a colloidal 
silica, sodium chloride. EOT*, peptone, and pH color change 
indicator. 

Claim IB. The method of claim 1 wherein the BST and medium 
tablets lr- lude • sulfa drug sensitising amount of tr imethopr in . 

Claim 19. The method of claim 1 wherein the BST tablet 
has less than about 2% moisture. 

Claim 20. The test method of claim 1 which includes employing 
a plurality of test tubes or test containers and Inserting the 
test tubes with the samp'e within holes In an aluminum heating 
block, adapted to be electrically ^e.iued, of an automatic 
programmed control apparatus. 

Claim 21. The method of c;*li I? wttfii includes cooling 
the sample In the test tube ftr p)aci.i: an aluminum cooling 
block in a direct heat exchange i-ilut lor.Miip *lth the heating 
block to provide for cooling the ear rl - the test tube for 

a cooling time period. 

Claim 22. The method of claim 1 which includes providing 
control apparatus for Insertion ; v8 t tubes with the sample 

and the automatic prehearing, cooling, incubating in the tilt 
position and termlnatirg of the sample by tilting of the control 
apparatcs between a generally horisontal position and a tilted 
position responsive to signals to the user. 

Claim 23. The method of claim 22 which includes a control 
panel with light signal means thereon to indicate the start 
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end end of each test step and standard color Indicators of 
positive and negative test results for comparison with the sample 
after testing. 

Claim 24. A test kit for the screening of antimicrobial 
drugs in a sample which test kit comprises: 

a) a BST tablet which comprises B5T spores in an 
effective amount which are Inhibited in growth by 
the presence of an antimicrobial In the sample, a 
stab! liter for the BST spores and an inert powdered 
filler material; 

b) medium tablet which comprises an amino acid source 
end carbohydrate nutrients for the BST spores, and 
* pH Indicator which permits the detection of the 
presence or absence of the antimicrobial in the sample. 

12 th * nutrients present in a concentration just sufficient 

to permit the detectable growth of the BST spores, 
but sufficiently low to provide a low resistivity 
to the antimicrobial drug to be tested: and 
16 c> a test container in which the BST tablet, medium 

tablet, and sample maybe introduced to form a liquid 
sample and heated, cooled and incubated so as to permit 
the screening of antimicrobial drugs by the absence 
of change in pH or change In color of the pH indicator. 
Claim 25. The test kit of claim 24 wherein the BST or medium 
tablet, or both, comprise s lactose and peptone stablllxer and 
a celluloalc Inert filler and bulging material. 

Claim 26. The test kit of claim 24 wherein the medi-jm or 
BST tablet, or both, comprise a non-ionic surfactant, salt, 
glucose, a phosphate buffer anrJ trlmethoprin CTMP). 

Claim 27. The test kit of claim 24 for the detection of 
tetracyclines as an antimicrobial drug and wherein the medium 
or BST tablet, or both, include a calcium chelating agent to 
Increase the sensitivity of tne test to tetracyclines. 

Claim 28. The test kit of claim 24 wherein the BST tabl< 
is a low moisture tablet having a moisture content of less than 
2%. 
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CUi» 27. The te.t kit of claim 24. which Include* a tett 

apparatus for tha autcr.it lc. control lad. timed prehasting. cooling 

and Incubating of tha test container. 

Claim 30. An automatic test apparatus for ute In tha 

screening of antimicrobial drugs in a taat method* which t*nt 

apparatus comprises* 

•I a metal heating block means havlnc at least one 
opening therein for the insertion of a tent container 
to be heated snd cooled w« ch a sample therein and 
electrical means to heat ch* block means so that the 
container and sample will be heattd rapidly to defined 
prehecting and heating temperatures; 

b) a metal cooliig block means to col the heating 
block means with the container and sample therein 
to a defined cooler temperature; 

el means to secure the heating and cooling block 
means between a separate, spaced apart, adjacent heating 
position wherein the heating block means heats the 
test container and is spaced apart from the cooling 
block means, and a contacting* heat exchange, cooling 
position wherein th* heating blork means with the 
container la cooled by direct heat exchange between 
the contacting heating block means and the cooling 
block means; 

d) alldable means to move the heat in j and cooling 
blocks; and 

e) electrical circuitry and programming means to 
provide for the automatic* timed, aequentlal heating 
of the heating block means to a defined heating and 
cooling temperature and including signal means to 
signal the timed periods for movement of the heating 
and cooling block means by the user between the heating 
and cooling position and the termination of the teat 
method. 
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Clelm II- The teat epparetus *f claim 10 wh-r-tn the heatlnq 
7 block and cooling block are composed of aluminum, end the heating 
and cooling block contain* a plurality of generally uniformly 
4 aligned, .paced apart, circular openings tn receive a plurality 
of teat tubes to be employed aa test containers. 

Clalai 32. The teat apparatus of claim JO wherein the means 
2 r.o move the heating and cooling block means between heating 

and cooling positions Includes: 
4 a) rod means secured at the one end to the cooling 

block means and extending slldably trough tha heating 
6 block means to provide for the heating bloc* means 

to be spaced apart from the cooling block means In 
8 a generally horitontal heating portion, and for the 

heating block means and the cooling block means to 
l0 be In direct heat exchange surface contact In a tilted 

cooling position so that the cooling block means may 
l2 cool the heating block means to a lower temperature 

after the heating period: and 
14 b > handle means for the user to move the apparatus 

between the horwuntal **d tilted positions. 

Claim 33. The test apparatus of claim 3C which includes 
2 a housing with a vitlMe control panel on the top surface of 

the test apparatus, with the heating and cooling block mean. 
« on one side of the housing, the heating block roans fixedly 

secured to the one side of the housing and directly beneath 
6 the slldable cooling block means, the heating block means 

electrically heated by an electrical power supply an* the control 
0 panel having a start (SI means to start. Incubation means CP 

for the start of the incubation time period, a program means 
10 I PI to having the user select the desired incubatica time period 

and light signal means to indicate to the user the sequence 
12 of timed test stops. 

Fotherstonhaugh k Co., 
Ottawa. Canada 
Patent Agonts 
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